Temperature sensitivity of the regulatory protein coded by nifA prevents the organism from utilizing N2 at 370C. The purpling of 6-cyanopurine, a function of nifA expression, also is thermolabile.
Klebsiella pneumoniae M5al grows well on most fixed nitrogen sources (e.g., amino acids, ammonia, urea) at 370C but is unable to grow on N2 as the sole nitrogen source at that temperature (10) . The organism grows optimally on N2 at 28 to 300C. Nitrogenase activity, itself, is not inactivated at 370C (1, 4) and the enzyme is not specifically degraded at the higher temperature (4). The strain seems to be unable to synthesize at least 3 of the 15 or more (11, 12) nif-encoded polypeptides at the higher temperature (4); therefore, regulation of nif expression seems to be the temperature-sensitive step.
The nif genes of K. pneumoniae are located in a cluster of 7 operons: nifBQ, nifRLA, nifWF, nifUSVM, nifEN, nifHDK, and nifJ (9, 11) . Fusions of lacZ from Escherichia coli to each of the operozs have been produced (3, 8) . By checking ,B-galactosidase activity from fusion-containing strains, we wanted to identify the thermolabile reaction. Table 1 shows the ratio of fi-galactosidase activity at 410C to that at 300C from strains with lac-nif fusions. In all cases, except strains with fusions in nifA or nifL, the ratio was between 0.11 and 0.32. Strains with fusions in nifA or nifL had ratios between 1.10 and 1.20. The nifA and nifL genes are part of the operon that plays a role in the regulation of nif expression by fixed N and 02 (3, 7, 8, 11) . The nifA-coded product is required to turn on expression of the other six nifoperons, but not the nifRLA operon (7, 11) .
Ammonium represses synthesis of nif-coded proteins (11, 12) . All of the strains containing the fusion alleles are unable to synthesize ,8-galactosidase in the presence of excess ammonium (8) . Mutants derived from the fusion strains were isolated as,8-galactosidase-producing colonies on a medium containing excess ammonium (8) . The lesion conferring derepressed fB-galactosidase activity of each strain grown in ammonium-containing medium allows synthesis of the nif protein product in genes that are operator proximal to the fusion in the fusion operon (8) . No other nif-encoded products are observed. Therefore, the mutations causing derepression of B-galactosidase seem to be operator mutations. Table 2 shows the temperature sensitivity of fusion strains containing derepressed fi-galactosidase activity. All of these fusion strains had high 41°C:300C activity ratios.
Thus, the temperature-sensitive step is not ,Bgalactosidase activity itself, but the expression of each of the six operons normally under nifA control. These data, together with the temperature sensitivities of the parent fusion strains (with the exception of nifRLA fusions), provide evidence that regulation of nifRLA expression is not thermosensitive, but that the function of the nifA product (molecular weight 66,000; [11] ) is the temperature-sensitive step. The nifL product does not seem to be essential for regulating the other transcripts directly since a deletion in nifL allows nif expression (9) .
Another phenotype caused by the nifA product is the fornation of a purple pigment at 300C by 6-cyanopurine (6). The color is not formed when the cells are grown on plates at 410C with serine as the nitrogen source. Mutants (with lesions in the nifRLA operon) derepressed for nitrogenase synthesis (7) formed the purple color at 300C but not at 410C when the cells were grown on ammonium. This also supports the idea that the function of the nifA product is thermolabile.
Temperature sensitivity of nif expression is not unique to K. pneumoniae M5al. Other isolates of K. pneumoniae also are unable to induce nitrogenase activity at temperatures above 370C (2, 4). We tested six different N2-fixing K. pneumoniae hospital isolates (obtained from Warren S. Silver). Only strain CTG61 was able to grow on N2 and reduce acetylene at 30 and 410C. This strain, but not the other five, was unable to turn 6-cyanopurine to the purple pigment at 300C.
Again, there seems to be a correlation between temperature sensitivity of N2 fixation and the 6-cyanopurine reaction. It should be interesting to compare the nifA product (or analogous regulatory protein) in strain CTG61 to the nifA product in strain M5al.
There is no reason a priori to believe that the ability to activate transcription of 6 nif operons need be temperature sensitive. This leads to the conclusion that thermosensitivity of nif expression plays an important regulatory role. Nitrogen-fixing K. pneumoniae strains are readily found in a wide range of environments, from plant surfaces to animal tissues. It seems that a single strain can be capable of thriving in either of these two niches (5).
High temperatures (37 to 4000) might be a signal to the bacterium indicating that its current niche is in an animal (rather than in the soil, in water, or on a leaf). The animal environment probably is much more constant than the other environments. Possibilities for specific repression of nif expression in the animal include: (i) the large Fe and Mo requirement for nitrogenase may be difficult to obtain because of the active sequestering systems in animal tissues, (ii) the level of dissolved N2 may be sufficiently low at the high temperature to limit the substrate ofN2 fixation, (iii) excess fixed nitrogen in the animal intestine (for example) should repress nif expression in K. pneumoniae; however, the very low level (8) 
